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Introduction.
The weak warm-beam instability in a one-dimensional electron plasma has been the subject of extensive theoretical, experimental and numerical work. Early numerical simulations [1] already revealed departures from the predictions of quasilinear theory [2] , which were confirmed by experimental studies [3] and by recent numerical work [4] . The observations were formulated and interpreted in several languages, but mainly in terms of unexpected field and particlemotion correlations. The presence of ordered structures in phase space and of convective streams of particles was noted [5] and compared with a theory of moderate turbulence (see Refs. [3] and [4] and references therein). It was also observed and reported [4, 6] that single modes do not in general show a smooth quasilinear behaviour but that they happen to rise and decay rather abruptly. The average evolution of a group of neighbouring modes was found, however, to evolve much more regularly [6] .
This body of numerical and experimental data has lead to extensive theoretical work aimed at revising and improving quasilinear theory. A thorough review and a rigorous reformulation of quasilinear theory [7] showed the importance of mode coupling and gave a comprehensive statistical description of the evolution of the spectrum of excited waves. An alternative approach is considered in this paper, which is not statistical in nature. The starting point is a weakly non linear theory [8, 9] , which applies to the evolution of small amplitude plasma waves and whose validity is limited to a time scale of the order of the bouncing period of trapped particles in the field of the waves considered. According to this theory, the non linear evolution of the plasma is described in terms of wave amplitudes and free streaming perturbations. Non linear interaction of free streaming perturbations with plasma waves, once observed as the « linear side band effect » [11] , has recently been demonstrated numerically and analytically [12] . In the present work, interaction of neighbouring modes is found to occur via a long wave length free streaming perturbation, which is created by the beating of the modes and interacti with them. This effect is reminiscent of non lineaj Landau damping, but it is distinct from it in two ways the interaction is due entirely to resonant particles anc the important part is played by the free streaming portion of the beat disturbance rather than by its electric field. Non linear mode coupling was considered long ago in the frame work of weakly non linear theories [10] , but the free streaming portions were consistently neglected, thus missing the main effect.
The physical situation chosen in this paper is the same as in reference [4] The values of the parameters are also the same as in reference [4] namely :
In numerical simulations, the unstable waves are most conveniently allowed to grow out of a smallintensity initial noise, whereas in this paper initial amplitudes of waves will be given values corresponding to the onset of non linear effects. The values of the reduced amplitudes :
(where Ek' is the wave electric field and no the unperturbed density) will lie between 10-3 and 10-2 and quasilinear evolution will take place for values of wp t of a few hundred The paper is organized as follows. In section 2 a basic system of equations is derived, which is an extension of the usual quasilinear system of equations in that it involves the free streaming perturbations of small wave numbers in addition to the wave amplitudes and to the space averaged distribution function. In section 3 this system of equations is reduced to a system of ordinary differential equations on the wave amplitudes, the values of the space averaged distribution function and the values of the free streaming perturbations taken for the phase velocities of the waves. In section 4 the system of equations is modified by applying a smoothing procedure to the velocity dependence in analogy to a successful practice in numerical simulations [4] . The equation of the model are integrated numerically and the results are presented and discussed in section 5.
Basic equations,
Let us briefly recall the results of the weakly non linear theory [8, 9] [9] or equations (33) and (46) of reference [8] . A with and where co' t and w" t have been written for brevity instead of the time integrals of w'(t) and w"(t). The second set of equations, i.e., equation (4.14) of reference [9] , gives the evolution of the wave amplitudes under the influence of the free streaming perturbations. Neglecting the mode coupling terms, which are far from .resonant, this set of equations reduces to : with where Ck is the usual Landau path of integration.
The system of equations must now be completed by adding the equation for the space averaged distribution function fo (v, t The basic equations (7), (8) , (10) is not too small, the following approximation can be made in equation (7) :
Then equation (7) is no longer differential in v, which now enters merely as a parameter. As the derivative ð/ðvPk is needed in equation (8), one is lead to differentiate equation (7) (6) and again in simplifying equation (9) according to equation (14) . This assumption is fairly well justified in the examples to be discribed in section 5, but not really in the case of the numerical simulation of reference [4] , where the full spectrum of unstable waves is excited from the initial distribution function (1) .
The system of equations (15- If there is any need to smooth the velocity dependence, it certainly arises in expressions of the form : that occur in the right hand side of equations (7) and (10) (1) with the values of the parameters given by equation (2) .
The initial amplitudes of the waves were given such values that the interesting effects would occur on a time scale for which the theoretical model is valid.
As was mentioned previously, this time scale is of the order of the bouncing period 2 (15) figure 2 is also the fact that all curves have a decreasing portion, starting at Mp t N 30, so that the total energy of the waves decreases significantly before starting again to increase sharply.
A striking fact in the case of more than two waves is the sharp dependence of the evolution of the waves on their initial phases. Typical results are shown in figure 3 for the same excited waves and initial amplitudes as in figure 2 , but with two different sets of phases. Note in particular the very different behaviour of the 30 wave in figure 2 (solid curve) and in figure 3 (dashed curve). Still another set of phases is used in figure 4 with the same initial amplitudes and the Ego curve is seen to exibit a remarkable dip.
All curves shown in figures 2 and 3 were computed with the standard smoothing. In order to appreciate the effect of smoothing, results are shown in figure 4 for the same initial data and with standard smoothing (solid curves), half standard smoothing (dashed curves) and no smoothing (dotted curves). In the latter case the Fig. 3 general fact that very different behaviours of the waves can be observed by changing only their initial phases. As was done in numerical simulations [4] figure 6 , where the curves P. (t) are shown for n = 28 and 29 out of a set of 8 waves, n = 26 to 33. This figure can be compared with a typical result of numerical simulation (Ref. 4, Fig. 2 ) and the behaviour of the two neighbouring waves is seen to be strikingly similar. It [13] . The validity of this result is subject to two inequalities being satisfied, the first of which is characteristic of a regime where quasilinear theory is invalidated by additional non linear effects [13, 14] .
where Dkl is the quasilinear diffusion coefficient in velocity space Dkl(v) of the spectrum. First in figure 7 ykl is seen to decrease gently as one would expect from quasilinear theory, but not quite monotonously. The behaviour of yexp appears, however, much more complicated in figure 8 . The ratio y"PI-)Ak' is shown is figure 9 and it does take values roughly equal to those predicted for times greater than about 60 wp-1.
with Then the procedure is the following when applied to the solution of equation (29) 
